Abstract. The failure mode of the FRP reinforced concrete beam with different sheet length was investigated by experiments. The results indicate that, more cracks distributed on the bottom of the beam in the failure process of the FRP reinforced concrete structure. The effect of the FRP sheet length is considered to be an important factor not only to significantly influence the loading capacity but also to control the maximum deflection of the concrete beam. In addition, the loading capacity is increased and maximum deflection of the concrete beam is also increased with the increasing of the FRP sheet length. It showed that FRP strengthened beams failed prematurely in a brittle and sudden manner due to debonding between FRP and concrete substrate and therefore the full strength of the FRP sheet cannot be sufficiently utilized.
Introduction
FRP composite material was widely used in civil engineering structure reinforcement because of its strong plasticity, corrosion resistance, tensile and fatigue level was being better than the steel composite material. A lot of scientific research work have made by scholars and engineers of civil engineering around the world [1] [2] . Externally bonded FRP composites layer can be used to improving flexural and shear capacities and also to provide confinement and ductility to compression members. The increase in strength and ductility strongly depends on many parameters amongst the length and the amount and configuration of FRP laminates [3] [4] [5] .
The carrying capacity, failure patterns and the FRP material utilizations of the reinforced concrete structure were largely determined by the bonding performance between FRP and concrete [6] .
Some researches about the failure process of the FRP reinforced concrete structure had been done by authors [7] [8] . On base of the preliminary research work, the effect of FRP sheet length on the failure mode was studied through three-point bending test of different samples with different FRP sheet length of concrete beams and plain concrete beam. The test data and investigations reported herein would provide valuable information for both research and design applications.
Experiment Research

General Situation of the Experiment
The test samples have been shown in Fig.1 and Fig.2 . Eight specimens consist of two plain concrete beams, six FRP strengthened concrete beams with same thickness and width but different length of FRP sheet, were tested under three-point bending test by the microcomputer control electron universal testing machines.
The load is applied in the vertical direction with the displacement-controlled loading scheme. For the specimens, L1 indicates the FRP length of FRP reinforced concrete beam, B1 indicates plain concrete beam, L1,L2 and L3 indicates the FRP sheet length are 150mm,250mm, and 350mm,respectively. For the FB-L1-1 specimen, it indicates the first specimen (-1) with the FRP length of 150mm (L1). So do the other mark number. 
Analysis of Test Results
Failure Mode of Concrete Specimen
The failure mode pictures of part plain concrete beam and FRP reinforced concrete beams have been shown in Fig.3 . From the failure mode pictures, as shown in Fig.3 , for the B1-1 specimen, it can be seen that one dominant flexural crack locally occurs at mid span in the bottom of the beam, and gradually expanding to the loading point with the increasing of load displacement during the experiment process. For the FB-L1-1 specimen, one dominant flexural crack locally occurs at the bottom of the beam near the end of the FRP sheet and from which the debonding initiates and propagates. For the FB-L2-2 and FB-L3-2 (FB-W1-2), one dominant flexural crack locally occurs at mid span and the debonding starts to propagate from the end of the FRP sheet. The FRP sheet length directly influences the failure mode of concrete beam.
In the experiments, the interfacial debonding easily propagate along the interfacial concrete layer due to the adhesive tensile strength being not enough, the maximum tensile strength value was not reached for all the specimens, so the tensile strength of FRP sheet was not fully utilized. 
Load-Displacement Curves
The structural load-displacement curves obtained by the experiment for the FRP reinforced concrete specimens with different sheet length are compared in Fig.4 . In the figures, Plain indicates the plain concrete specimen without FRP sheet, FB-L1, FB-L2, FB-L3 indicate the sheet length reinforced on the concrete beam are 150mm, 250mm, 350mm, respectively. During the initial loading phase of the failure process, the stress and strain of the FRP sheet are small and the external loading predominantly supported by the concrete. It can be found that there is no difference for the initial load of the four specimens; in other words, there is no influence on the specimen load for the reinforcement mechanical properties, but the ultimate load and the ultimate strain of the specimen is increased with the increasing of the FRP sheet length, it due to the different strengthening effects to the beams of the FRP sheet length.
Obviously, the maximum tensile strength value was not reached for all the specimens; it due to the adhesive layer between the concrete and FRP sheet was not being strong enough and the existing of the induced adhesive shear and peel-off stresses in the bond between the FRP sheet and concrete . 
Comparison between Experimental Results and Numerical Results
The RFPA3D (Realistic Failure Process Analysis) modeling of the beam model has been shown in Fig.5 , it shows the ultimate failure mode for the plain concrete beam and FRP reinforced concrete beam, respectively. The detailed descriptions about the FRPA had been given in [9] [10] .The load is applied in the vertical direction with the displacement-controlled loading scheme. For the plain concrete beam, only one dominant flexural crack locally occurs at mid span, but for the FRP sheet reinforced concrete beam, more microcracks produced on the concrete adjacent to bond surface, and a secondary diagonal shear or flexural crack occurs beside the first flexural concrete crack at mid-span. It showed that the numerical simulation result is perfect due to the adhesive layer between the concrete and FRP sheet was strong enough, but for the experimental results, the debonding mainly occurs due to the weak bonding layer, as shown in Fig.4. (a) the plain concrete beam (b) the FRP reinforced concrete beam 
Conclusions
In this paper, the failure mode and the maximum deflection of the plain concrete beam and FRP reinforced concrete beam with different FRP sheet length were analyzed by experiments. It can be found that there is no influence on the load capacity of the plain concrete specimen and FRP reinforced concrete specimens initially, due to the load were being supported by the concrete. But the ultimate load capacity is increased with the increasing of the FRP sheet length. More microcracks produced on the concrete adjacent to bond surface with the increasing of the FRP sheet length. From the experiments and numerical simulation results, it can be concluded that the FRP sheet length is considered to be an important factor on the failure mode and load capacity. The best result of the FRP sheet was not achieved due to the adhesive layer between the concrete and FRP sheet was not strong enough, the debonding failure mode mainly occurs in the experiments.
